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PBX Model Preparation procedure  
For each of the 10 samples generated in CED procedure, the equilibrium unit cell volumes and 
densities were optimized through a series of compression/expansion and heating/cooling cycles 
using conventional MD with the non-reactive Dreiding force field [1] (to prevent bond breaking). 
The initial polymer molecular structure was built using the RIS statistics, in a cubic simulation 
cell, at a target density of 50% of the expected density, ρexp (assumed to be 0.90 g/cc for HTPB). 
A sequence of 5 compression/expansion cycles was performed, taking the system to a final 
density of 1.2ρexp. Each compression/expansion cycle is consisted of 500 steps of structure 
minimization, with fixed cell parameters, constant rate isotropic cell deformations and 0.5 ps of 
NVT MD annealing up to a temperature of 700 K. The resulting structure was then optimized for 
an additional 500 steps and equilibrated using NPT MD for 10 ps at 298 K. Finally, a binder 
model was prepared (lattice parameter a = 21.674 Ǻ, b = 22.337 Ǻ, c = 21.9210 Ǻ, α = 90.536, β 
= 89.840, γ = 90.581). Including the cross linker and plasticizer molecules in the final structure, 
led to an optimum density of 0.94 g/cc, slightly larger than that of pure HTPB. Using ReaxFF, 
we optimized the RDX and polymer binder, leading to lattice parameters of a = 13.684 Ǻ, b = 
12.307 Ǻ, c = 11.563 Ǻ for RDX at room temperature in agreement with experimental values 
(13.182 Ǻ, 11.574 Ǻ, and 10.709 Ǻ, respectively) [2]. For the binder system, the CED procedure 
led to a final density of 0.95 g/cc, after performing structure minimization and 25 ps NPT-MD at 
room temperature. We then combined a 32x22x22 RDX supercell of RDX with a 13x11x11 (2% 
compressed) binder supercell to produce the PBX model. Two separate complementary surfaces 
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were built to form a triangular interface between the two materials, as shown in Fig.1, and then 
relaxed using 4ps NVT-MD. 
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Figure S1 
 
                                   
 
 
Fig.S1. Atomic composition of polymer binder (HTPB and IPDI) and explosive crystal material 
(RDX).  
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Figure S2 
 
 
 
 
 
 
 
 
Fig.S2. DOA molecular   
             
                      QM Charge Table 
 
 
 
C1 H2 H3 C4 H5 H6 H7 C8 H9 H10 
-0.2242 0.1052 0.1044 -0.2888 0.102 0.1024 0.107 -0.1996 0.1102 0.1019
C11 H12 H13 C14 H15 C16 H17 H18 H19 C20 
-0.2024 0.1055 0.1088 -0.2161 0.1233 -0.2975 0.1064 0.1102 0.1038 -0.2106
H21 C22 H23 H24 H25 O26 C27 O28 C29 H30 
0.119 0.0357 0.1189 0.1223 0.1109 -0.3451 0.3768 -0.3464 -0.2515 0.1378
H31 C32 H33 H34 C35 H36 H37 C38 H39 H40 
0.1389 -0.2024 0.1189 0.1145 -0.2022 0.1157 0.1177 -0.2521 0.1388 0.1384
C41 O42 O43 C44 H45 H46 C47 H48 C49 H50 
0.3808 -0.3468 -0.3447 0.0096 0.1288 0.1278 -0.2176 0.1143 -0.2055 0.1071
H51 C52 H53 H54 H55 C56 H57 H58 C59 H60 
0.1186 -0.2944 0.1086 0.1014 0.1092 -0.1812 0.1167 0.1032 -0.2072 0.0989
H61 C62 H63 H64 C65 H66 H67 H68   
0.1093 -0.2241 0.1046 0.1045 -0.2889 0.1063 0.1018 0.1026   
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Figure S3 
 
 
Fig.S3. QM charge and geometry of IPDI molecular 
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Figure S4 
 
 
 
 
 
 
 
 
          
 
Fig.S4. QM charge and geometry of HTPB monomer 
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Figure S5 
 
 
Fig.S5. One dimensional temperature profile of four different shocks. High density polymer 
leads to the much increase of temperature (blue circle). The hotspot will disappear if we reduce 
the density of polymer to half value of its original value (green diamond). The first Hotspot 
happened at the interface of RDX and Polymer which is about 400 K higher than other shocked 
region for Up = 2.5 km/s and 600 K higher for Up = 3.5 km/s. The second hot spots are at 
Polymer region and are around 50K higher for both cases due to the convergence of shock wave 
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Figure S6 
 
Fig.S6. the x-t diagram for PBX with different binder densities, color coding is based on normal 
stress σ11. 
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RIS Table t1 state  
Angle Tolerance (deg) Energy (kcal/mol) 
115.024 31.605 27.419 
180.00 122.872 28.191 
244.976 31.601 27.375 
360.00 180.0 30.755 
 
 
Representative states for coupled t1-t2 torsions 
Angle Tolerance(deg) 115.024 180.000 244.976 360.000
65.013 15.764 27.914 28.491 27.834 37.856 
74.951 4.967 28.220 28.738 28.199 36.531 
175.065 14.570 27.453 28.271 27.460 30.930 
294.942 12.327 27.986 29.111 28.580 32.480 
334.567 4.086 33.123 36.174 33.584 97.461 
 
 
 
